This work was set to evaluate the antiplasmodial activities of some plants used in traditional malaria therapy in Kano State, Nigeria. Nine medicinal plants, distributed into eight families, used for treatment of malaria fever by the Hausa people of Kano-Nigeria were selected based on the traditional claims of the folks. These were collected and extracted using aqueous and organic solvents. A total of nineteen extracts and forty four extract-fractions were obtained. Thirty extracts (7 aqueous extracts, 12 ethanol extracts and 11 methanol extracts-fraction) were selected and screened for their in vitro anti-plasmodial activities against laboratory adapted chloroquine susceptible Plasmodium falciparum strain 3D7. Seven (23.33%) of these extracts that exhibited 70% or more inhibition at 50µg/mL concentration were further evaluated to establish their potency levels. The respective IC 50 values obtained ranged between 0.361±0.15µg/ml and 37.67±4.20µg/ml. CALF 1 from the leaves of C. aurantifolia (Rutaceae) and CBLF 1 (a combination of the leaves of C. aurantifolia, Carica papaya, Mangifera indica and Psidium guajava) were further screened against a clinical isolate of P. falciparum and recorded IC 50 values similar to those obtained earlier against the laboratory strain, 12.42±3.94 µg/ml for CBLF 1 , and 29.69±0.65µg/ml for CALF 1 respectively. It could be concluded that majority of the plants have demonstrated appreciable concentration dependent in vitro anti-plasmodial effects against the laboratory adapted and field strains P. falciparum.
INTRODUCTION
Malaria is a disease caused by protozoan parasites of the genus Plasmodium transmitted by infected female Anopheles mosquitoes. Earlier on, four species, namely P. falciparum, P. malariae, P. ovale, and P. vivax were known to cause infection in humans (WHO, 2009) . Of recent P. knowlesi, a simian species has been implicated to cause infection in humans (Brown, 2011) . P. falciparum is the most virulent of the four and is responsible for about 80% of all malaria cases and about 90% of the deaths from malaria (WHO, 2010) . Malaria is a serious disease with high mortality and morbidity especially in children and pregnant women. Though there had been a slight decline in the malaria incidence over the last few years from 244 million in 2005 to 225 million in 2009. Mortality was projected to have decreased from 985, 000 in 2000 to 781 000 in 2009. However these large absolute decreases were not observed in Africa (WHO, 2010) . The Sub-Saharan Africa bears the highest burden of the disease. A vaccine would have been the ultimate and effective control strategy. However none is available for use. Several vaccines candidate such as RTS, S/AS02A and VAR2CSA are being tested and evaluated. Hence, vector control and chemotherapy remain the major interventions for the control of malaria. Several drugs particularly chloroquine had been used to treat malaria. However, most of the drugs that we use today are becoming less effective because of the problem of drug resistance (McMorran, 2009 ). The spate of drug resistance by the malaria parasite particularly P. falciparum has necessitated the scientific evaluation of many traditional medicinal plants for an alternative antimalarial drug that is effective, safe and affordable, (Oyedeji et al., 2005) .
The value of plants in traditional medicine cannot be overemphasized and is still the first point of healthcare for many people in sub-Saharan Africa (WHO, TDR news, 2007; Hostettmann et al., 2000) . Plants still provide a source for effective lead compounds against malaria (Midiwo, 2007) . The fact that traditional medicinal plants used for the treatment of malaria provided the lead compounds for synthetic antimalarials in use currently gives hope that plants particularly those used in the unorthodox treatment of the disease may provide new lead compounds for development of new and novel antimalarial drugs. It is for this reason that some plants used in the traditional treatment of malaria or fever by the Hausa people of Kano, Nigeria were selected and evaluated for efficacy against the Plasmodium parasite.
MATERIALS AND METHODS Collection and Handling of Plant Materials
Nine plants used in the treatment of malaria or fever (Table 1) The nine plants parts were shade dried to minimize deterioration of active components. Each dried plant material was then ground into powdered form using mortar and pestle. Two hundred and fifty grams (250g) portions was then weighed and extracted as described by Fatope et al. (1993) . This carried out by percolating in absolute ethanol (Rjedel-de Ha n®) at 1:5 w/v (plant part: solvent); for two weeks and filtered using Whatman® No.1 filter paper. The filtrate was then concentrated by evaporating the solvent using rotary evaporator at 40 -45°C in a pre-weighed round bottom flask. The yield was then determined by differential weighing. A portion of the extract was transferred into pre-weighed specimen bottle and designated F1. This was done for all extracts obtained for each of the plants. The remaining bulk of the F1 extract was further successively extracted in 100 ml (40, 30,and 30) portions of n-Hexane, chloroform, ethyl acetate and finally in methanol for five minutes each. This was allowed to settle for another five minutes before the supernatant was gently decanted into a clean beaker leaving behind the marc. The marc (residue) was allowed to dry before extracting with the next solvent. The decanted portions for each solvent were pooled together and the solvent removed by rotary evaporation and designated F 2 , for nhexane; F 3 , for chloroform; F 4 , for ethyl acetate and F 5 , for methanol fractions respectively. A total of 55 extracts and fractions were thus obtained in this process. A total of sixty three extracts (7 aqueous and 55 organic) were obtained using the two procedures. (Trager and Jensen, 1976) , with slight modifications (Ofori et al., 2002) were used for the assay. Thirty extracts [7 aqueous extracts, 12 ethanol (F 1 ) and 11 methanol (F 5 ) extracts] were selected for the preliminary assay w against stabilised parasite cultures containing largely ring stages. The extracts were dissolved in microquantities of water, ethanol or methanol depending on the solvent of extraction. The resulting solutions were then diluted with RPMI 1640 such that the final ethanol and methanol concentrations did exceed 0.01%.
In vitro Antiplasmodial Activities of Extracts
For the preliminary assay each extracts was tested at three duplicate concentrations of 5, 50 and 100µg/ml using 24-well microtitre plates. Nine hundred microlitres of 1% parasite culture was placed in each well. One hundred microlitres of the solution of the test extract in RPMI 1640 containing the requisite concentration were added to give a final volume of 1000µl in each well. Based on the criterion of Prozesky et al., (2001) (the most active extract giving more than 70% inhibition at 50µg/ml in the preliminary assay) was used as basis of selecting extracts for re-evaluation. Seven extracts were selected for further evaluation, using two-fold serial dilutions ranging from 0.78125µg/ml to 200µg/ml 24-well microtitre plates in duplicate for each extract. Artesunate was also tested alongside these extracts as standard control. CALF 1 and CBLF 1 extracts were also evaluated against field strain P. falciparum. 
RESULTS
Aqueous extraction of the plants gave extract yields ranging from 4.5g (9%) for C. papaya to 8.04g (16.09%) for C. occidentalis ( Table 2 ). The extracts were generally green in colour and pasty or gummy in texture. The yields for the F 1 extracts ranged from 6.9g (4.6%)
for the stem back of A. digitata to 58.3g (23.32%) for the leaves of P. guajava. The leafy parts mostly yielded products which were green or grey in colour, and gummy or oily in texture. Extract of the leaves of P. guajava (PGLF 3 ) was crystalline. The stem-bark materials mostly yielded materials which were brown, yellow or red with their texture varied from pasty to powdery substances. At 5µg/ml concentration, ADSF 1 (with 54% inhibition) and ZMLF 1 (with 54.82% inhibition) exhibited the best inhibition. No extract had up to 70% inhibition at 5µg/ml concentration ( Figure  1 . exhibited the highest % inhibition (55% Inhibition) at the lowest concentration (0.78125µg/mL) and IC 50 of 0.361µg/mL. ANSF 1 on the other hand had the least effect (IC 50 of 37.67µg/ml). However, as the concentrations of the extracts increases, the percent inhibition also increased. In addition the ethanol extracts [CALF 1 (Rutaceae) and CBLF 1 (combination)] selected and evaluated against the field strain of P. falciparum also exhibited concentration dependant inhibition characteristics with IC 50 s of 12.42±3.94 µg/ml for CBLF 1 and 29.69±0.65µg/ml for CALF 1 against the field strain.
Conc (ug
Conc ( Artesunate (a standard drug) evaluated against 3D7 P. falciparum also exhibited concentration dependant inhibition characteristic with extremely low IC 50 of 0.00012±0.000041µg/ml. This result was not to compare with the plant extracts.
DISCUSSION
Hot aqueous extractions (decoctions) were employed in this work in a bid to evaluate the rationale of the traditional method of boiling fresh herbs / leaves in clean potable water. In addition, a combination of four of the plants (M. Indica, C. Papaya, P. guajava, and C, aurantifolia) also was to depict the typical traditional concoction mode of preparation of these plants. The yields obtained for both protocols shows how maximally the phyto-contents of the drug plants can be exploited in the traditional method thereby exposing the parasite to reasonably high dosages of the active phytochemicals in the patient. The moderate in vitro activities exhibited by the aqueous extracts despite the hot mode of extraction, in the preliminary assay confirms the stability of the active principles in these plants which gives credence to the traditional mode of preparation in malaria therapy. The activity exhibited by some of the aqueous extracts confirms the scientific rationale of the use of the plants in traditional malaria therapy. The lower efficacy exhibited by aqueous extracts in the assay compared to the organic solvents extracts was not unusual as earlier observed by Kirira et al., (2006), and Mostafa et al., (2007) . Also in an in vivo study, the aqueous extract of C. occidentalis was reported to be less active than the corresponding ethanolic extract (Tona et al. 2001) . The organic extracts F 1 and F 5 demonstrated relatively higher activities in the preliminary in vitro assay compared to the aqueous extracts. This was consistent with the report of Mbatchi et al., (2006) . Perhaps this sharp difference in bioactivity over the aqueous extracts points to the minimal destruction of other active compounds and/or a refining effect of synergistic properties of compounds in the organic fractions. The activity of the F 1 extract of ZMLF 1 (Rhamnaceae) on the 3D7 strain of Pf corroborates the report by Panseeta et al. (2011) . The activity exhibited by ADSF 1 (Bombacaceae) is in consonance with the report of Kohler et al., (2002) , who reported the activity of the lipophilic extract of A. digitata (Bombacaceae) on the laboratory adapted P. falciparum species PoW and Dd2 with IC 50 > 50µg/ml.
The activity demonstrated by the concoctions' extracts only confirms the scientific worth of this traditional therapy. It also suggests that the constituent plants possibly inhibit the P. falciparum malaria parasite in a synergistic mode. Fiot et al., (2006) (Schwikkard van and Heerden, 2002; Rukunga et al. 2009 ). Artesunate exhibited a concentration dependant characteristic against the laboratory strain Pf and IC 50 of 0.00012µg/ml. This observation further confirmed the effectiveness of this drug on the parasite.
CONCLUSION
It can be concluded that some of the plants evaluated in this study indeed posses' antiplasmodial effects. Also the extracts prepared from the combination of four plants (C. papaya, C. aurantifolia, P. guajava and M. indica) CBLF 1 and CBLF 5 demonstrated the best antiplasmodial activities with IC 50 values of 15.07±1.74µg/ml and 0.361±0.15µg/ml respectively. Thus, suggesting that the plants have synergistic effects.
